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(54) DISC-SHAPED TORQUE TRANSDUCER

(57) A torque transducer 58 comprising: a hub 60
defining an aperture 62 therethrough, the aperture defin-
ing an axis, the hub 60 having a hub first end 66 and a
hub second end 68 spaced along the axis, and defining
a first thickness 70 in a radial direction, perpendicular to
the axis; a web 74 coupled to the hub 60 at the hub first
end 66, the web 74 defining an unbroken ring in a plane
perpendicular to the axis and defining a second thickness
76 measured in the direction of the axis, wherein the sec-
ond thickness 76 is less than one half of the first thickness
70; and a rim 80 having a rim first end 82 and a rim second
end 84 spaced from the rim first end 82 along the axis,
the rim 80 coupled to the web 74, the rim 80 defining a
perimeter that includes at least one keyway 100 in an
exterior of the perimeter.
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Description

BACKGROUND

[0001] This invention relates generally to devices for
monitoring stress and strain in dynamic structures and
more particularly to transducers for measuring the output
torque of power tools and other rotating machinery.
[0002] Monitoring of dynamic stresses and strains in
power tools and other rotating machinery is often desir-
able. The data received from such operations permit
evaluation of the performance of the equipment in ques-
tion. In the case of power tools, such as nutrunners or
screwdrivers, the data permit measurement of the torque
output and thereby calculation of fastener tension pro-
duced by the tool. Real time feedback coupled with pro-
grammable controls makes it possible to automatically
deactivate the tool power when a desired fastener ten-
sion is achieved. This provides the benefit of reproducible
fastener tensioning in assembly line or other mass pro-
duction operations. A variety of transducers are available
for measuring torque output of rotating machines. In
many cases, the axial dimensions of the transducer are
such that their use requires an unacceptable increase in
the size of the tool. When the tool must be used in a
limited space environment, such size increases may be
intolerable. In such cases, fastener tension can only be
determined by use of tortuous tool combinations of ques-
tionable accuracy. In addition, an excessive increase in
size can contribute to increased weight and unwieldy pro-
portions which can contribute to premature operator fa-
tigue and otherwise degrade operator performance.

SUMMARY

[0003] In one embodiment, the invention provides a
power tool that includes a motor having an output shaft
that defines an axis, a drive train connected to the output
shaft and operable to drive a tool output, and a housing
at least partially surrounding the motor and the drive train.
The power tool further includes a reference disk fixed to
the housing, a collar including internal teeth that engage
at least a portion of the drive train and a torque transducer
having a hub, a web and a rim. The torque transducer is
positioned between the collar and the reference disk such
that the rim is connected to the collar and the hub is con-
nected to the reference disk. The web defines a first thick-
ness measured parallel to the axis and the rim defines a
second thickness measured in a radial direction with re-
spect to the axis, such that the second thickness is great-
er than the first thickness.
[0004] In another embodiment, the invention provides
a torque transducer that includes a hub defining an ap-
erture and having an axis. The hub has a hub first end
and a hub second end spaced along the axis, and defines
a first thickness in a radial direction perpendicular to the
axis. The torque transducer further includes a web con-
nected to the hub at the hub first end. The web defines

an unbroken ring in a plane perpendicular to the axis and
defines a second thickness measured in the direction of
the axis, such that the second thickness is less than one
half of the first thickness. The torque transducer further
includes a rim that has a rim first end and a rim second
end spaced from the rim first end along the axis. The rim
is connected to the web and defines a perimeter that
includes at least one keyway in an exterior of the perim-
eter.
[0005] In another embodiment the invention provides
a torque transducer having a hub that defines an aperture
that has an axis. The hub has a proximal hub first end
and a distal hub second end spaced along the axis, and
defines a first thickness in a radial direction, perpendic-
ular to the axis. The hub defines a substantially cylindrical
shape having an inner surface and an outer surface, such
that the inner surface is smooth and the outer surface
includes a plurality of teeth extending from the hub sec-
ond end toward the hub first end. The torque transducer
further includes a web connected to the hub at the prox-
imal hub first end. The web defines an unbroken ring in
a plane perpendicular to the axis and defines a second
thickness measured in the direction of the axis, such that
the second thickness is less than one half of the first
thickness. The torque transducer further includes a rim
that has a rim first end and a rim second end spaced from
the rim first end along the axis. The rim is connected to
the hub between the rim first end and the rim second
end, such that the web bisects the rim. The rim defines
a perimeter that includes first and second keyways in an
exterior of the perimeter, such that the first keyway is
diametrically opposed from the second keyway. The key-
ways extend parallel to the axis at the rim second end
and taper outward at the rim first end, such that the key-
ways are wider at the rim first end than at the rim second
end. The rim defines a first rim thickness measured in a
radial direction at the rim first end and a second rim thick-
ness measured in a radial direction at the rim second
end, such that the second rim thickness is greater than
the first rim thickness, and the second thickness is less
than half of each of the first rim thickness and the second
rim thickness. The web and rim define a first cavity that
extends from one portion of the rim to a diametrically
opposed portion of the rim uninterrupted by the hub, and
the web, rim and hub define a second cavity that extends
from the rim to the hub.
[0006] Other aspects of the invention will become ap-
parent by consideration of the detailed description and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is a perspective view of a power tool.

Fig. 2 is an exploded view of the power tool including
a torque transducer.
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Fig. 3 is a close-up perspective view of the torque
transducer in the power tool.

Fig. 4 is a cross-sectional view of the torque trans-
ducer and a portion of the power tool along line 4-4
of Fig. 3.

Fig. 5 is a perspective view of the torque transducer.

Fig. 6 is a cross-sectional view of the torque trans-
ducer along line 6-6 of Fig. 5.

Fig. 7 is a top view of the torque transducer.

DETAILED DESCRIPTION

[0008] Before any embodiments of the invention are
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the fol-
lowing description or illustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
Also, it is to be understood that the phraseology and ter-
minology used herein is for the purpose of description
and should not be regarded as limiting. The use of "in-
cluding," "comprising," or "having" and variations thereof
herein is meant to encompass the items listed thereafter
and equivalents thereof as well as additional items. Un-
less specified or limited otherwise, the terms "mounted,"
"connected," "supported," and "coupled" and variations
thereof are used broadly and encompass both direct and
indirect mountings, connections, supports, and cou-
plings. Further, "connected" and "coupled" are not re-
stricted to physical or mechanical connections or cou-
plings.
[0009] Figs. 1 and 2 illustrate a power tool 10 that in-
cludes a housing 12, a motor 14, a drive train 16 and a
tool output 18. The housing 12 substantially surrounds
the motor 14 and partially surrounds the drive train 16.
The motor 14 includes an output shaft 22 that defines an
output shaft axis 24 and includes a plurality of splines or
teeth 26. The output shaft 22 driving engages the drive
train 16, which thereby drives the tool output 18.
[0010] The drive train 16 includes a first set of gears
28 that include external teeth 30 that substantially mate
with the teeth 26 of the output shaft 22 (see Fig. 2). The
drive train further includes a second set of gears 32 that
include external teeth 34 that drivingly engage a drive
shaft that drives the tool output 18. The first set of gears
28 includes three planet gears that orbit about the output
shaft 22 (see Fig. 4). The second set of gears 32 includes
three planet gears that orbit about the output shaft axis
24 to drive the tool output 18 through a drive sleeve or
other driving arrangement.
[0011] A drive collar 36 extends along the output shaft
axis 24 around a portion of the drive train 16 (see Figs.
2-4). The drive collar 36 includes internal teeth 38 that

engage the external teeth 30 and 34. The drive collar 36
is substantially fixed against rotation relative to the hous-
ing 12 to form an outer ring gear. The three planet gears
28 rotate within the drive collar 36 around the output shaft
22. The three planet gears 32 rotate within the drive collar
36 around the output shaft axis 24. The drive collar 36
includes at least one tab 40 extending parallel to the out-
put shaft axis 24 toward the motor 14. The tabs 40 include
radii 41, but in other embodiments, may be chamfered,
where the tabs 40 are connected to the drive collar 36,
to limit stress concentrations, as shown in Figs. 3 and 4.
[0012] Figs. 2-4 illustrate a front end bell housing or
reference disk 42 that is substantially fixed to the housing
12 to inhibit rotation of the reference disk 42 with respect
to the housing 12. In the illustrated embodiment, a pair
of diametrically opposed roll pins 44 are pressed into the
reference disk 42 and extend into the housing 12, but are
not visible from outside the housing 12. The roll pins 44
permanently fix the reference disk 42 to the housing 12.
About one half of the roll pin 44 is shown in Fig. 3, because
the other half of the roll pin 44 extends into the reference
disk 42. The reference disk 42 includes an aperture 46
extending along the output shaft axis 24 and a bearing
48 in the aperture 46 to support the output shaft 22. The
reference disk 42 includes a main body 50 and a protru-
sion 52 extending along the output shaft axis 24 toward
the tool output 18 that has a smaller diameter than the
main body 50. The protrusion 52 defines a bore 53 having
radially-inwardly extending or internal teeth 54.
[0013] A torque transducer 58 is positioned between
the drive collar 36 and the reference disk 42 (see Figs.
2-4). The torque transducer 58 includes a hub 60 that
defines a cylinder having a circular aperture 62 that has
an axis that is co-linear with the output shaft axis 24 (see
Figs. 4-7). The circular aperture 62 is smooth and re-
ceives the output shaft 22 therethrough. The circular ap-
erture 62 is larger than the output shaft 22, such that the
output shaft 22 rotates with respect to the housing, but
the hub 60 is fixed with respect to the housing. The hub
60 includes external teeth 64 spaced radially from the
aperture 62 and sized to engage the internal teeth 54 of
the reference disk 42. The hub 60 is fixed to the housing
12 through the engagement of teeth 54 and teeth 64,
since the reference disk 42 is fixed to the housing 12.
The hub 60 includes a first, proximal end 66 and a second,
distal end 68 spaced axially in the direction of the output
shaft axis 24 from the first end 66. The teeth 64 are formed
on the second end 68, but do not extend all the way to
the first end 66. The hub 60 defines a hub thickness 70
in a radial direction, perpendicular to the output shaft axis
24 at the first end 66.
[0014] With further reference to Figs. 4-7, the torque
transducer 58 further includes a web 74 coupled to the
hub 60 at the hub first end 66 and extending outward in
a plane perpendicular to the output shaft axis 24. The
hub 60 extends in cantilever fashion from the proximal
end 66, where it is attached to or integral with the web
74, to the distal end 68. The web 74 extends radially
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outward from the hub 60 and is continuous around the
perimeter of the hub 60. The web 74 has a thickness 76
in a direction parallel to the output shaft axis 24. The web
thickness 76 is less than half of the hub thickness 70.
[0015] The torque transducer 58 further includes a rim
80 having a first end 82 and a second end 84 spaced
from the first end 82 along the output shaft axis 24. The
rim 80 is coupled to the web 74 between the rim first end
82 and the rim second end 84, such that the web 74
bisects the rim 80. The bisecting configuration provides
substantially even stress distribution over the entire web
74 by minimizing bending stresses on the web 74 created
by the rim 80. The rim 80 defines a first thickness 86 in
a radial direction at the rim first end 82 and a second
thickness 88 in a radial direction at the rim second end
84. The second rim thickness 88 is greater than the first
rim thickness 86. The hub thickness 70 is greater than
each of the first rim thickness 86 and the second rim
thickness 88, whereas the web thickness 76 is less than
either the first rim thickness 86 or the second rim thick-
ness 88.
[0016] The web 74 forms an unbroken ring extending
in a plane perpendicular to the output shaft axis 24 and
thus radially outward from the hub 60 to the rim 80. The
web 74 is disk-shaped with a central aperture defined by
the hub aperture 62. The web 74 has a constant thickness
across the entire extent between the hub 60 and the rim
80. The web 74 defines a continuous ring-shaped planar
surface extending from the hub 60 to the rim 80. The web
74 extends parallel to first and second end surfaces of
the hub 60 and parallel to first and second end surfaces
of the rim 80. The web 74 is co-planar with the first end
surface of the hub 60, but is not co-planar with the first
and second end surfaces of the rim 80, or the second
end surface of the hub 60.
[0017] The torque transducer 58 defines a first cavity
92 between the rim 80 at the rim first end 82 along the
web 74. The first cavity 92 is unbroken by the hub 60,
because the hub first end 66 is co-planar with the web
74. The first cavity 92 has a solid cylindrical shape. The
torque transducer 58 defines a second cavity 94 between
the hub 60 and the rim 80 at the rim second end 84 along
the web 74. The second cavity 94 has an annular shape.
that is bound by the hub 60 and rim 80. The reference
disk protrusion 52 extends at least partially into the sec-
ond cavity 94, such that teeth 56 and 64 are engaged,
as shown in Fig. 4.
[0018] With further reference to Figs. 4-7, the illustrat-
ed rim 80 includes two diametrically opposed keyways
100 that are sized to receive the respective tabs 40. The
keyways 100 extend from the rim first end 82 to the rim
second end 84 parallel to the output shaft axis 24. The
keyways 100 include outwardly angled portions 101 ad-
jacent the rim first end 82 that accommodate for the radii
41 on the tabs 40. The keyways 100 define a first length
102 at the rim first end 82 and a second length 104 at
the rim second end 84. The rim first length 102 is greater
than the rim second length 104 due to the outwardly an-

gled portions 101. In other embodiments, more or fewer
tabs 40 and keyways 100 are used. Two diametrically
opposed tabs 40 and keyways 100 are used as an ex-
ample only, and are not intended to limit the scope of the
present invention.
[0019] The torque transducer 58 is formed from stain-
less steel and is manufactured by metal injection mold-
ing. The torque transducer 58 is integrally formed as a
single unitary or monolithic piece. In another embodi-
ment, the torque transducer 58 can be machined or oth-
erwise formed as one unitary piece.
[0020] The torque transducer 58 can move a small dis-
tance along the output shaft axis 24 between the drive
collar 36 and the reference disk 42. The torque transduc-
er 58 is inhibited from moving radially by the housing 12,
the reference disk 42 and the drive collar 36. As dis-
cussed above, the reference disk 42 is fixed to the hous-
ing 12 by the roll pins 44. The torque transducer 58 is
inhibited from rotating with respect to the reference disk
42 by the respective teeth 64 and 54. However, when
the first and second sets of gears 28, 32 experience in-
creased resistance, such as when a fastener has been
fully inserted into a workpiece, the first and second sets
of gears 28, 32 can transfer some torque to the drive
collar 36. The drive collar 36 in turn, can transfer the
torque to the torque transducer 58 via the tabs 40 and
keyways 100.
[0021] The geometry of the torque transducer 58 re-
duces or eliminates stress concentrations and provides
for more uniform stress distribution across the web 74,
even adjacent the keyways 100. The rim 80 is thick to
inhibit the web 74 from bending in response to the torque.
The torque transducer 58 includes at least one strain
gage 106 positioned on the web 74 that measures the
torque or strain on the torque transducer 58 (see Fig. 6).
In some embodiments, multiple strain gages are utilized,
however any suitable number of strain gages can be uti-
lized to provide accurate strain data. When the measured
strain exceeds a set amount, the power tool 10 is put into
neutral or turned off to stop rotation of the output shaft
22. The geometry of the torque transducer 58 is smaller
and easier to manufacture than previous torque trans-
ducers, while maintaining the required accuracy.
[0022] Various features and advantages of the inven-
tion are set forth in the following claims. The present ap-
plication is a divisional application of EP 09831192.1.
The original claims of EP 09831192.1 are presented as
statements below, so that the subject matter of those
claims is included in its entirety in the present application.

Statement 1. A power tool comprising: a motor hav-
ing an output shaft that defines an axis; a drive train
operably coupled to the output shaft and operable
to drive a tool output; a housing at least partially sur-
rounding the motor and the drive train; a reference
disk fixedly coupled to the housing; a collar including
internal teeth that engage at least a portion of the
drive train; and a torque transducer having a hub, a
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web and a rim, the torque transducer positioned sub-
stantially between the collar and the reference disk
such that the rim is coupled to the collar and the hub
is coupled to the reference disk, wherein the web
defines a first thickness measured parallel to the axis
and the rim defines a second thickness measured in
a radial direction with respect to the axis, the second
thickness being greater than the first thickness.

Statement 2. The power tool of Statement 1, wherein
the web defines an unbroken ring perpendicular to
the axis, extending from the hub to the rim.

Statement 3. The power tool of Statement 1, wherein
the unbroken ring has a constant thickness across
the entire extend between the hub and the rim.

Statement 4. The power tool of Statement 1, wherein
the hub has a substantially cylindrical shape that in-
cludes a central aperture through which the output
shaft extends and an outer surface having a plurality
of teeth thereon.

Statement 5. The power tool of Statement 4, wherein
the reference disk includes a bore having internal
teeth sized to drivingly engage the hub teeth.

Statement 6. The power tool of Statement 1, further
comprising at least one strain gage positioned on
the web to measure strain on the web during oper-
ation of the power tool.

Statement 7. The power tool of Statement 1, wherein
the rim is discontinuous to define at least one keyway
and the collar includes at least one tab that engages
the at least one keyway to resist relative rotation be-
tween the torque transducer and the collar.

Statement 8. The power tool of Statement 7, wherein
the at least one keyway includes two diametrically
opposed keyways and the at least one tab include
diametrically opposed tabs, such that the keyways
receive the respective tab.

Statement 9. The power tool of Statement 8, wherein
the tabs each include radii, wherein the rim defines
a first end and a second end spaced from the first
end in the direction of the axis, wherein the keyways
extend parallel to the axis at the rim second end and
taper outward at the rim first end, such that the key-
ways are wider at the rim first end than at the rim
second end, and wherein the tabs extend into the
keyways with the tab radii received in the outwardly-
tapered first end.

Statement 10. The power tool of Statement 1, where-
in the torque transducer is permitted to move axially
with respect to the reference disk and housing, but

is inhibited from rotating with respect to the reference
disk and housing.

Statement 11. The power tool of Statement 1, further
comprising a pin extending at least partially through
the housing and the reference disk to fixedly couple
the reference disk to the housing.

Statement 12. The power tool of Statement 1, where-
in the hub is coupled to the web at a hub first end
and the rim is coupled to the hub between a rim first
end and a rim second end, such that the web bisects
the rim.

Statement 13. A torque transducer comprising: a hub
defining an aperture therethrough, the aperture de-
fining an axis, the hub having a hub first end and a
hub second end spaced along the axis, and defining
a first thickness in a radial direction, perpendicular
to the axis; a web coupled to the hub at the hub first
end, the web defining an unbroken ring in a plane
perpendicular to the axis and defining a second thick-
ness measured in the direction of the axis, wherein
the second thickness is less than one half of the first
thickness; and a rim having a rim first end and a rim
second end spaced from the rim first end along the
axis, the rim coupled to the web, the rim defining a
perimeter that includes at least one keyway in an
exterior of the perimeter.

Statement 14. The torque transducer of Statement
13, wherein the at least one keyway includes first
and second keyways, such that the first keyway is
diametrically opposed from the second keyway.

Statement 15. The torque transducer of Statement
13, wherein the at least one keyway extends parallel
to the axis at the rim second end and tapers outward
at the rim first end, such that the keyway is wider at
the rim first end than at the rim second end.

Statement 16. The torque transducer of Statement
13, wherein the rim is coupled to the web between
the rim first end and the rim second end, such that
the web bisects the rim.

Statement 17. The torque transducer of Statement
13, wherein the hub defines a substantially cylindri-
cal shape that has an inner surface and an outer
surface, such that the inner surface is smooth and
the outer surface includes a plurality of teeth extend-
ing from the hub second end toward the hub first end.

Statement 18. The torque transducer of Statement
13, the web and rim defining a first cavity extending
from one portion of the rim to a diametrically opposed
portion of the rim uninterrupted by the hub; and the
web, rim and hub defining a second cavity of annular
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shape extending from the rim to the hub.

Statement 19. The torque transducer of Statement
13, wherein the rim defines a first rim thickness
measured in a radial direction with respect to the axis
at the rim first end and a second rim thickness meas-
ured in a radial direction at the rim second end, such
that the second rim thickness is greater than the first
rim thickness, and wherein the second thickness is
less than half of each of the first rim thickness and
the second rim thickness.

Statement 20. A torque transducer comprising: a hub
defining an aperture therethrough, the aperture de-
fining an axis, the hub having a proximal hub first
end and a distal hub second end spaced along the
axis, and defining a first thickness in a radial direc-
tion, perpendicular to the axis, the hub defining a
substantially cylindrical shape having an inner sur-
face and an outer surface, such that the inner surface
is smooth and the outer surface includes a plurality
of teeth extending from the hub second end toward
the hub first end; a web coupled to the hub at the
proximal hub first end, the web defining an unbroken
ring in a plane perpendicular to the axis and defining
a second thickness measured in the direction of the
axis, wherein the second thickness is less than one
half of the first thickness; and a rim having a rim first
end and a rim second end spaced from the rim first
end along the axis, the rim coupled to the hub be-
tween the rim first end and the rim second end, such
that the web bisects the rim, the rim defining a pe-
rimeter that includes first and second keyways in an
exterior of the perimeter, such that the first keyway
is diametrically opposed from the second keyway,
the keyways extending parallel to the axis at the rim
second end and tapering outward at the rim first end,
such that the keyways are wider at the rim first end
than at the rim second end, the rim defining a first
rim thickness measured in a radial direction at the
rim first end and a second rim thickness measured
in a radial direction at the rim second end, such that
the second rim thickness is greater than the first rim
thickness, and the second thickness is less than half
of each of the first rim thickness and the second rim
thickness, the web and rim defining a first cavity ex-
tending from one portion of the rim to a diametrically
opposed portion of the rim uninterrupted by the hub,
and the web, rim and hub defining a second cavity
extending from the rim to the hub.

Claims

1. A torque transducer comprising:

a hub defining an aperture therethrough, the ap-
erture defining an axis, the hub having a hub

first end and a hub second end spaced along
the axis, and defining a first thickness in a radial
direction, perpendicular to the axis;
a web coupled to the hub at the hub first end,
the web defining an unbroken ring in a plane
perpendicular to the axis and defining a second
thickness measured in the direction of the axis,
wherein the second thickness is less than one
half of the first thickness; and
a rim having a rim first end and a rim second
end spaced from the rim first end along the axis,
the rim coupled to the web, the rim defining a
perimeter that includes at least one keyway in
an exterior of the perimeter.

2. The torque transducer of claim 1, wherein the at least
one keyway includes first and second keyways, such
that the first keyway is diametrically opposed to the
second keyway.

3. The torque transducer of claim 1 or 2, wherein the
at least one keyway extends parallel to the axis at
the rim second end and tapers outward at the rim
first end, such that the keyway is wider at the rim first
end than at the rim second end.

4. The torque transducer of any preceding claim,
wherein the rim is coupled to the web between the
rim first end and the rim second end, such that the
web bisects the rim.

5. The torque transducer of any preceding claim,
wherein the hub defines a substantially cylindrical
shape that has an inner surface and an outer surface,
such that the inner surface is smooth and the outer
surface includes a plurality of teeth extending from
the hub second end toward the hub first end.

6. The torque transducer of any preceding claim,
wherein: the web and the rim define a first cavity
extending from one portion of the rim to a diametri-
cally opposed portion of the rim uninterrupted by the
hub; and the web, the rim, and the hub define a sec-
ond cavity of annular shape extending from the rim
to the hub.

7. The torque transducer of any preceding claim,
wherein the rim defines a first rim thickness meas-
ured in a radial direction with respect to the axis at
the rim first end and a second rim thickness meas-
ured in a radial direction at the rim second end, such
that the second rim thickness is greater than the first
rim thickness, and wherein the second thickness is
less than half of each of the first rim thickness and
the second rim thickness.

8. The torque transducer of any preceding claim,
wherein the hub first end is a proximal end and the
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hub second end is a distal end.

11 12 



EP 3 378 602 A1

8



EP 3 378 602 A1

9



EP 3 378 602 A1

10



EP 3 378 602 A1

11



EP 3 378 602 A1

12



EP 3 378 602 A1

13



EP 3 378 602 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 3 378 602 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 3 378 602 A1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 09831192 A [0022]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

